1. Introduction {#sec1}
===============

Amino acids present in food bonded to one another in the primary structure of protein remain inactive; enzymatic hydrolysis can break down this primary structure of protein releasing peptide sequence that can be used as therapeutic agents ([@bib8]). Of particular importance are those peptides with multifunctional bioactivities. Lifestyle related conditions like hypertension and diabetes have become a major public health issue in developed as well as developing countries, and these conditions are complicated by oxidative stress ([@bib4]). Hypertension, a condition characterized by abnormally high blood pressure has affected about 1 billion people and the number is still increasing ([@bib64]). Renin and ACE are proteins which are enzymatic in nature that play critical roles in the renin-angiotensin system (RAS) which subsequently affects blood pressure ([@bib47]). Vasoconstrictor angiotensin II is a potent octapeptide that is biosynthesized via renin action on RAS. Bradykinin, a peptide that mediates inflammations and vasodilation is usually degraded by the enzymatic action of ACE. Therefore, the inhibition of ACE is often considered to play critical role in the therapeutic management of hypertension ([@bib8]). Therapeutic adverse effects that usually arise from ACE inhibitors produced synthetically include parageusia, reflex cough and skin rashes, thus making them undesirable and necessitating the need for more tolerable ACE inhibitors from natural sources ([@bib34]; [@bib18]). Peptides derived from food sources have shown promising evidence to serve as ACE inhibitors posing no danger of any kind ([@bib20]).

Diabetes mellitus (DM) is a metabolic disorder which manifest clinically as hyperglycemia (elevated blood glucose concentration). Treatment approach that maintains normal level of glucose in the blood is most effective for DM ([@bib68]). Salivary and pancreatic α-amylases are important glycoside cleaving enzymes that are involved in the digestion of carbohydrate in the mouth to short oligosaccharide, and disaccharide units in the stomach. α-glucosidase in the intestine then mediates the catalytic breakdown of the disaccharides into monosaccharides (glucose) before its assimilation into the blood; which are constituents of mainly plasma and formed elements; blood cells and platelets ([@bib45]). Synthetic α-amylase and α-glucosidase inhibitors in the form of commercially available drugs would have been perfect for the management of DM if not for the associated abdominal pain, flatulence, diarrhoea and other side effects with its use. This has led to enormous search for therapeutic alternatives with little or no side effect ([@bib1]).

*Luffa cylindrica* often referred to as sponge gourd plant belongs to the *Curcubitaceae* family ([@bib16]). It is a vigorous climbing annual vine with several loped cucumber-like leaves. The fruits with a cucumber-like shape develop at maturity, a network of fibres surrounding numerous flat blackish seeds. Originating from India, it grows ubiquitously as weed in most parts of Nigeria where it is majorly used domestically as sponge. [@bib46] asserted that its seed contain about 23% protein, a substantial quantity for bioactive peptide production. Hence, this study investigated the *in vitro* potentials of *L. cylindrical* seed protein hydrolysates as ACE, α-amylase and α-glucosidase inhibitors, as well as kinetics of ACE inhibition, antioxidant and amino acid profiles of the hydrolysates.

2. Materials and methods {#sec2}
========================

2.1. Materials {#sec2.1}
--------------

*Luffa cylindrica* seeds were obtained from Oja Oba Market, Ilorin, Nigeria and were validated at the Department of Plant Biology Herbarium, University of Ilorin with a voucher number UILH/001/523. The air-dried seeds were peeled and pulverized. Analytically graded chemicals and reagents were used without further purification. Hydrolytic enzymes; trypsin, Alcalase, and pepsin which were obtained from bovine pancreas, *Bacillus licheniformis*, and porcine gastric mucosa respectively, were purchased from Sigma-Aldrich (USA). Angiotensin-1 converting enzyme, (ACE) from rabbit lung (E.C.3.4.15.1), ACE substrate N-\[3-(2-furyl)acryloyl\]-L-phenylalanyl-glycyl-glycine (FAPGG), DPPH (1,1-diphenyl-2-picrylhydrazyl), α-glucosidase, p-nitrophenyl-α-D-glucopyranoside, acarbose, p-nitrophenol, α-amylase, maltose and dinitrosalicylic acid were obtained from Sigma-Aldrich (USA). While bovine serum albumin (BSA), starch, ethylenediaminetetraacetic acid (EDTA) and trichloroacetic acid (TCA) were obtained from BDH Chemical Limited (Poole, England).

2.2. Methods {#sec2.2}
------------

### 2.2.1. Isolation of *Luffa cylindrica* seed protein {#sec2.2.1}

The defatted *Luffa cylindrica* seed powder was produced as outlined by [@bib9]. The seeds were pulverized. Thereafter, flake to solvent ratio of 1:10 (w/v) extraction was carried out using n-hexane solvent to soften the flakes. In addition to these, a continuous stirring using magnetic stirrer was done concomitantly for 1 hour. Plastic containers were used to store the defatted flakes and refrigerated (-10 °C). With slight modifications, the protein constituents of the defatted meal were extracted as reported by [@bib9]. Fat-free *Luffa cylindrica* powder got submerged (1:10) in 0.1 M NaOH of pH 12.0 and mixed using a magnetic stirrer for 1hour and subsequently spinned using a centrifuge at 18 °C and 3000 rpm for 10 min. Pooling of supernatants in each case was also carried out following two subsequent extractions. Precipitate was obtained via centrifugation of the supernatant which was previously adjusted to pH 4.0 using 1M HCl. In addition to these, the precipitate was further rinsed with distilled water. 1 M NaOH was subsequently added drop wisely to bring the pH to 7.0. The lyophilized *Luffa cylindrica* seed protein isolate (LSPI) was stored via refrigeration until required for analysis in relation to this study. The protocol reported by [@bib7] was used in the determination of protein yield.

### 2.2.2. Peptide yield determination {#sec2.2.2}

The protocol outlined by [@bib8],[@bib9] was used to determine the percentage peptide yield which is expressed as-$$\text{Peptide}\ \text{Yield}\ \text{\%}\  = \ \frac{\text{Peptide}\ \text{weight}\ \text{of}\ \text{lyophilized}\ \text{hydrolysate}\ \text{(mg}\ \text{mL}^{- 1}\text{)}}{\text{Protein}\ \text{weight}\ \text{of}\ \text{lyophilised}\ \text{isolate}\ \text{(mgmL}^{- 1}\text{)}} \times 100$$

### 2.2.3. Preparation of Luffa cylindrica seed protein hydrolysates (LSPH) {#sec2.2.3}

Hydrolysis of protein isolate by pepsin, Alcalase, and trypsin was carried out at pH 2.2, 8.0, 8.0 and temperatures 37 °C, 37 °C and 60 °C respectively via the methods outlined by [@bib8] with minimal changes. 5% w/v of *Luffa cylindrica* protein isolate; trypsin or Alcalase was submerged in phosphate buffer at pH 8, while pepsin was dissolved in glycine buffer at pH 2.2. In addition to these, the organic catalyst was introduced at a substrate to enzyme ratio of 100:1. Hydrolysis lasted for 5 hrs using reaction vessel and subsequently submerged in hot water at 100 °C for 900 seconds. The solution was made up to assume pH 4.0, and then spun for 30min to obtain the supernatant at 4000 rpm. This was subsequently analyzed to determine the degree of hydrolysis as outlined by [@bib9]. In addition to these, the outlined method of [@bib20] was used in the determination of percentage peptide yield.

### 2.2.4. Determination of amino acid profile {#sec2.2.4}

The procedure of Benitez (1989) was adopted to determine the amino acid profile in the three hydrolysates. Samples were dried to constant weight, defatted, hydrolyzed, evaporated with a rotary evaporator and loaded into the Applied Biosystems PTH Amino Acid Analyzer.

### 2.2.5. Evaluation of LSPH inhibition of ACE {#sec2.2.5}

LSPH inhibitory property of ACE was evaluated by the outlined protocol of [@bib23] employing N-\[3-(2-furyl)acryloyl\]-Lphenylalanyl-glycyl-glycine (FAPGG) as substrate.

### 2.2.6. Kinetic parameters of ACE inhibition determination {#sec2.2.6}

[@bib20] method with little modification was adopted for kinetic parameters of ACE inhibition determination.

### 2.2.7. Evaluation of LSPH inhibition of α-amylase {#sec2.2.7}

Protocol outlined by [@bib12a] and reported by [@bib45] and [@bib9] was used for α-amylase inhibition determination.

### 2.2.8. Kinetic analysis of α-amylase inhibition {#sec2.2.8}

The method outlined by [@bib9] was used for the kinetic analysis.

### 2.2.9. Determination of α-glucosidase inhibition {#sec2.2.9}

[@bib8a] outlined protocol was used in the determination of α-glucosidase inhibition.

### 2.2.10. Kinetic analysis of α-glucosidase inhibition {#sec2.2.10}

Inhibition of α-glucosidase by LSPH was determined by increasing PNPG concentration following a modified protocol outlined by [@bib20a].

### 2.2.11. DPPH free radical scavenging activity determination {#sec2.2.11}

LSPH DPPH radical-scavenging activity was determined by the protocol outlined by [@bib8].

### 2.2.12. Ferric reducing antioxidant power determination {#sec2.2.12}

The reductive potential of LSPH on iron (III) was assessed according to the protocol laid out by [@bib15].

### 2.2.13. Superoxide radical-scavenging activity assessment {#sec2.2.13}

The assessment of superoxide scavenging activity was done using the outlined procedure of [@bib50].

### 2.2.14. Hydrogen peroxide scavenging capacity determination {#sec2.2.14}

LSPH scavenging activity of hydrogen peroxide was assessed based on the protocol of [@bib55] as outlined by [@bib8].

### 2.2.15. Statistical analysis {#sec2.2.15}

Values were expressed in three determinations as mean ± standard deviation (SD) followed by analysis of variance and Tukey\'s multiple range tests using GraphPad Prism version 6.0 (GraphPad Software, San Diego, CA, USA). Differences were considered significant at p \< 0.05.

3. Results and discussion {#sec3}
=========================

3.1. Proteins isolate yield and degree of hydrolysis {#sec3.1}
----------------------------------------------------

The percentage peptide yield shows a measure of the protein that is obtainable in a protein extraction procedure. 39.53% protein yield ([Table 1](#tbl1){ref-type="table"}) was obtained in this study which is higher than 18.91% obtained from *Citrullus lanatus* seed ([@bib9]). This may be because *Luffa cylindrica* seed contains less salt soluble protein fraction ([@bib59]). The percentage yield of peptide gotten from this study is lower than the protein yield reported by [@bib7] of 52% protein yield from South African bambara groundnut landraces. This might be attributed to the extraction method employed since the degree of protein yield depends on the extraction protocol used ([@bib13]).Table 1Protein isolate yield, degree of hydrolysis, and peptide yieldTable 1Parameter/EnzymeDegree of Hydrolysis (%)Peptide Yield (%)Protein Yield of Isolate (%)39.53------Pepsin---48.57 ± 0.68^a^16.93 ± 0.28^a^Trypsin---56.20 ± 0.59^b^34.04 ± 1.96^c^Alcalase---38.40 ± 0.42^c^13.20 ± 1.02^b^[^1]

To establish the level of peptide bonds cleavage, the proteolysis monitoring parameter known as degree of hydrolysis (DH) is often used ([@bib27]). The higher DH (p \< 0.05) by tryptic digestion compared to that of Alcalase shows that trypsin is most effective in hydrolyzing *Luffa cylindrica* seed protein. Peptic digestion also proved effective in the hydrolysis more than Alcalase but less than tryptic digestion. Therefore, the higher values of tryptic and peptic digestion show that there could be large number of positively charged amino acid residues for which trypsin is specific, as well as acidic residues to which pepsin is highly specific ([@bib43]).

[@bib39] asserted that DH values could be used to predict peptide chain length as higher DH values specify shorter length peptides while lower values specify longer length peptides. This therefore suggests that Alcalase which has the least DH value (38.40%) may contain longer length of peptides whereas peptides obtained by trypsin and pepsin may contain shorter length of bioactive peptides. Peptides produced by Alcalase possess various biological activities e.g. antioxidant activity. Alcalase have been reported to provide higher yields of antioxidative peptides that are unhydrolyzable by digestive enzymes ([@bib32]).

The decreased peptide yield for Alcalase (13.20%) when compared to that of pepsin and trypsin (16.93% and 34.04% respectively) suggests more bioactive peptides may have been produced by trypsin and pepsin than Alcalase during the enzymatic hydrolysis. The higher value for trypsin could be due to its ability to hydrolyze esters and amides of amino acids as well as its specificity for hydrophobic amino acids ([@bib43]). The 16.93% peptide yield obtained from the peptic digestion of LSPH was significantly lower to that reported for hemp seed peptic hydrolysis by [@bib20] with a yield of 65.70%.

### 3.1.1. Profile of amino acid content in Alcalase hydrolysate {#sec3.1.1}

The amino acid composition of LSPH as determined by the PTH amino acid analyzer is summarized in [Table 2](#tbl2){ref-type="table"}. The seed protein hydrolysate consisted of 18 amino acids of which 10 are essential amino acids. From the study, the total amino acid concentration for Alcalase hydrolysate was 53.51g/100g of LSPH and the total essential amino acid with histidine concentration was 23.19g/100g of LSPH. This pattern of result correlates with [@bib17] requirements of 23.20g/100g for essential amino acids with histidine. Leucine (5.36g/100g) was the most concentrated essential amino acid in contrast to that reported by [@bib6]. [@bib68a] posited that the increase in dietary leucine is capable of ameliorating diet-induced obesity, high blood sugar and hypercholesterolemia in human subjects and rodents via multiple mechanisms. The most concentrated non-essential amino acid in *Luffa cylindrica* seed protein hydrolysate was glutamic acid (8.33g/100g), followed by aspartic acid (5.21g/100g). [@bib51] made a similar observation.Table 2Profile of amino acid content of the hydrolysates.Table 2HydrolysatesAmino AcidsAlcalase (g/100g of ​LSPH)Trypsin (g/100g of ​LSPH)Pepsin (g/100g of ​LSPH)Leucine5.367.118.97Lysine3.444.666.07Isoleucine2.623.204.01Phenylalanine3.023.994.54Norleucine\-\--Tryptophan0.580.730.90Valine2.634.213.92Methionine1.342.622.30Proline2.232.843.65Arginine4.225.166.54Tyrosine2.413.103.78Histidine1.091.982.24Cystine0.360.600.97Alanine3.034.554.17Glutamic acid8.3315.1413.63Glycine2.423.093.42Threonine3.113.383.00Serine2.113.024.32Aspartic acid5.216.028.99

### 3.1.2. Profile of amino acid content in trypsin hydrolysate {#sec3.1.2}

The amino acid composition of LSPH is depicted in [Table 2](#tbl2){ref-type="table"}. The seed protein hydrolysate consisted of 18 amino acids of which 9 are essential amino acids. From the study, the total amino acid concentration for trypsin hydrolysate was 75.4g/100g of LSPH which was higher than Alcalase hydrolysate. The total essential amino acid concentration with histidine was 31.6g/100g of LSPH. This result correlates with [@bib17] requirements (23.20g/100g) for essential amino acids with histidine. Leucine (7.11g/100g) was the most concentrated essential amino acid which is in contrast to what [@bib6] reported. It is interesting to note that [@bib68a] has reported that increase in dietary leucine is capable of ameliorating diet-induced obesity and high blood sugar in human subjects. The most concentrated amino acid in *Luffa cylindrica* seed hydrolyate was glutamic acid (15.14g/100g), closely followed by aspartic acid (6.02g/100g) as the second most concentrated non-essential amino acid. This is in agreement with the observation of [@bib51].

### 3.1.3. Profile of amino acid content in pepsin hydrolysate {#sec3.1.3}

The amino acid composition of LSPH is presented in [Table 2](#tbl2){ref-type="table"}. The seed protein consisted of 18 amino acids namely leucine, lysine, iso-leucine, phenylalanine, trytophan, valine, glutamic, threonine, serine, aspartic acid, glycine, alanine, methionine, proline, arginine, tyrosine, histidine and cysteine of which 9 are essential. From the study, the total amino acid concentration for trypsin hydrolysate was 85.4g/100g of LSPH which was higher than that of Alcalase and trypsin hydrolysate. The total essential amino acid concentration with histidine was 35.95g/100g of LSPH, and this was found to meet the [@bib17] requirements (23.20g/100g) for essential amino acids with histidine. Leucine (8.97g/100g) was the most concentrated essential amino acid but differs from the findings of [@bib6]. The most concentrated amino acid in *Luffa cylindrica* seed hydrolysate was glutamic acid (13.63g/100g) with aspartic acid (8.99g/100g) as the second most concentrated non-essential amino acid. This is not different to the observation made by [@bib51].

### 3.1.4. ACE-inhibitory activity of Luffa cylindrica seed hydrolysate {#sec3.1.4}

Remarkable ACE-inhibitory activity was displayed by tryptic and peptic hydrolysates in a concentration-dependent manner ([Fig. 1](#fig1){ref-type="fig"}). In addition to these, Alcalase hydrolysate also expressed a concentration-dependent inhibition against ACE while peptic hydrolysate expressed the best inhibitory activity.Fig. 1ACE-inhibitory activity of *Luffa cylindrica* seed protein hydrolysates. Each bar depicts the mean of three replicates determinations ±SD. Bars at the same concentration but with different Latin letters (abc) are significantly different at p \< 0.05. Bars at different concentrations belonging to the same sample/enzyme but with different Greek letters (αβγ) shows significant difference at p \< 0.05.Fig. 1

The highest ACE inhibitory value obtained for peptic hydrolysate (74.99 ± 0.43%) at 1.20 mg/mL was significantly higher (p \< 0.05) compared with all the other values obtained at lower peptic hydrolysate concentrations. This value shows no significant difference (p \> 0.05) in the percentage inhibition obtained for tryptic hydrolysate at the same concentration but significantly different from that of Alcalase hydrolysate. Similar trend was also obtained at 0.40 mg/mL. The strong inhibition of ACE by peptic hydrolysate and tryptic hydrolysate therefore may be as a result of residual amino acids found in the peptides which emanated from peptide bond breakage ([Table 2](#tbl2){ref-type="table"}) i.e. hydrophobic/aromatic and acidic residues for pepsin and cationic residues for trypsin ([@bib43]). It is known that ACE has affinity for molecules acting as substrates or inhibitors with hydrophobic (aromatic and branched chain such as Trp, Trp, Tyr, Phe, Pro or Lys) amino acid residues at its C-terminal positions ([@bib65]; [@bib2]). This also supports why peptic hydrolysate had higher inhibitory activity as many of these residues are targets of its point of peptide bond hydrolysis.

The IC~50~ values obtained for peptic hydrolysate, tryptic hydrolysate and Alcalase hydrolysate were 0.32, 0.31 and 0.93 mg/mL respectively. The IC~50~ value obtained for peptic hydrolysate exhibited no significant difference (p \> 0.05) when compared to that of tryptic hydrolysate, however both values were significantly different (p \< 0.05) from the value obtained for Alcalase hydrolysate, this suggests that both hydrolysates are effective in inhibiting ACE. The tryptic hydrolysate IC~50~ value obtained in this study was lower than 1.03--1.06 mg/mL and 0.05 mg/mL previously reported for bovine milk tryptic hydrolysate ([@bib22]) and flaxseed tryptic protein hydrolysate ([@bib63]) respectively.

### 3.1.5. Kinetics of ACE inhibition by Luffa cylindrica seed protein hydrolysates {#sec3.1.5}

In other to comprehend the efficacy of the catalytic activity-reducing ability of peptides, it is important to evaluate their kinetic parameters. Kinetic expressions also form an approximate of the quantity of peptide (inhibitor) needed to inhibit the enzyme activity, a reflection of the tendency to act on the catalytic site. *K*~*i*~, the enzyme-inhibitor dissociation constant, describes the inhibitor binding capacity of the enzyme to establish the enzyme-inhibitor (E-I) complex ([@bib11]; [@bib19]). Inhibition mechanism of ACE by *Luffa cylindrica* protein hydrolysates derived by pepsin, trypsin and Alcalase was estimated by carrying out kinetic examinations of enzyme activity either when *Luffa cylindrica* protein hydrolysate samples were present or not ([Table 3](#tbl3){ref-type="table"}). Therefore, the pattern of Lineweaver-Burk plots of ACE-catalysed FAPGG-FAP conversion when peptide inhibitors: pepsin, trypsin and Alcalase hydrolysates were present or absent indicates uncompetitive inhibition (for Alcalase hydrolysate) and non-competitive inhibition (for tryptic hydrolysate) and mixed type inhibition (for peptic hydrolysate). The *K*~*m*~ value of ACE activity without the inhibitor (*Luffa cylindrica* seed hydrolysate) obtained in this study is 2.51 mM which is higher than values earlier published- 0.30 mM ([@bib8],[@bib9]), 0.30mM ([@bib23]) and 0.31 mM ([@bib63]). The uncompetitive mode of inhibition exhibited by Alcalase hydrolysate as observed by the concentration-dependent reduction in the *K*~*m*~ value of the enzyme indicates an increase in the binding-rate of the enzyme (ACE) for its substrate (FAPGG) with an increase in Alcalase hydrolysate concentration ([@bib12]). This means that the peptides present in Alcalase hydrolysate binds only to the enzyme-substrate complex at locations other than the active site and inhibition cannot be reversed by increasing substrate concentration.Table 3Kinetic parameters of ACE-catalysed FAPGG-FAP conversion in the absence and presence of *Luffa cylindrica* seed protein hydrolysates.Table 3Catalytic ParameterNo InhibitorPepH (mg/mL)TrypH (mg/mL)AlcH (mg/mL)0.400.800.400.800.400.80*K*~*m*~ (mg/mL)2.510.991.992.122.411.681.35*V*~*max*~0.020.13220.060.190.090.020.01*CE* (μmol/mL/min)0.010.130.030.090.040.010.01*K*~*i*~ (mg/mL)---0.310.1423.82[^2]

A mixed type inhibition was exhibited by peptic hydrolysate. This is revealed in the dose-determining rise in the *K*~*m*~ value of the enzyme thereby indicating a drop in affinity of ACE for FAPGG with an increasing concentration of peptic hydrolysate ([@bib63]). This depicts the possibility of peptides in peptic hydrolysate combination with ACE biomolecule to produce an inert complex irrespective of the fact that the substrate has reacted with the enzyme at the catalytic site. This is close to the report of [@bib20] on hemp seed peptic-pancreatic protein hydrolysate. Contrary to peptic hydrolysate, tryptic hydrolysate exhibited a non-competitive inhibition type. The maintenance of constant *K*~*m*~ values when the the hydrolysate was present, is evident of its mode of inhibition as this is characteristic of non-competitive inhibition mode. This insinuates that the peptides contained in tryptic hydrolysate bind either to free ACE or the ACE-FAPGG complex allosterically, thus changing the structure of the enzyme resulting in a decrease in catalytic power of the enzyme. The pattern of inhibition expressed in this study is comparable to the work of [@bib11] for lentil tryptic and Alcalase protein hydrolysates.

The effects of *Luffa cylindrica* seed protein hydrolysates on *V*~*max*~ expressed a concentration-dependent reduction characteristic of mixed, uncompetitive and non-competitive modes of inhibition. The action on catalytic efficiency (CE) of ACE equally shows a concentration-dependent reduction as well. The inhibition constant (*K*~*i*~) has been described as the tendency of the inhibitor to bind to the enzyme so as to give rise to a tight enzyme-inhibitor complex. Peptic hydrolysate and tryptic hydrolysate had *K*~*i*~ values of 0.26 and 0.14 respectively. The Similar *K*~*i*~ values of the two hydrolysates corroborate their similar IC~50~ values. This implies that both hydrolysates have strong affinity for ACE. Conclusion may therefore be drawn that tryptic hydrolysate is a better ACE inhibitor compared to peptic and Alcalase hydrolysates as a result of its lowest *K*~*i*~ value (0.14 mg/mL).

### 3.1.6. α-Amylase-inhibitory effect of Luffa cylindrica seed protein hydrolysate {#sec3.1.6}

Alcalase hydrolysate and tryptic hydrolysate expressed a significant inhibition against α-amylase enzymatic activity ([Fig. 2](#fig2){ref-type="fig"}). This was strongly supported by the percentage inhibitory effects attained by both Alcalase hydrolysate (36.36 ± 0.72%) and tryptic hydrolysate (27.96 ± 0.06%). They exhibited a concentration-dependent inhibitory activity while Alcalase hydrolysate elicited its highest inhibition at 1.00 mg/mL. Peptic hydrolysate (18.89 ± 0.11%) expressed very little inhibition against α-amylase in a concentration-dependent manner. This is supported by the weaker response of α-amylase as the concentration of hydrolysate increased compared to Alcalase hydrolysate and tryptic hydrolysate. Nevertheless, Alcalase hydrolysate showed the strongest inhibition against α-amylase activity as supported and reflected in its low IC~50~ (1.02 ± 0.19 mg/mL).Fig. 2α- Amylase-inhibitory effect of *L. cylindrical* seed protein hydrolysates. Each bar depicts the mean of three replicates determinations ±SD. Bars at the same concentration but with different Latin letters (abcd) are significantly different at p \< 0.05. Bars of the same sample/enzyme at different concentrations with different Greek letters (αβγδ) show significant difference at p \< 0.05.Fig. 2

The type of amino acid residues obtained from the cleavage of *Luffa cylindrica* seed Alcalase and tryptic hydrolysates ([Table 2](#tbl2){ref-type="table"}) has been linked to the role they play as strong inhibitors of α-amylase ([@bib43]). In addition to this, catalytic active sites having Leu, Try, Phe or Trp have been shown to be preferable by Alcalase though in a non-specific manner ([@bib42]). By speculation, it may be that peptides having branched chain (such as Lys, Phe, Tyr, and Trp) and cationic residues are preferably bound to α-amylase. As revealed in this study, Alcalase hydrolysate has a higher degree of potency compared to tryptic hydrolysate due to its low IC~50~ value.

### 3.1.7. Kinetics of α-amylase inhibition by Luffa cylindrica seed protein hydrolysates {#sec3.1.7}

The mechanism of enzymatic activity reduction exhibited by *Luffa cylindrica* seed hydrolysate was determined by assessing the kinetic parameters obtained via Lineweaver-Burk plot of α-amylase inhibition ([Table 4](#tbl4){ref-type="table"}). The *K*~*m*~ of 1.75 mg/mL obtained when the inhibitor (hydrolysate) was absent agrees with earlier report by [@bib58]. In this study, non-competitive inhibition is the dormant pattern as strongly supported by the Lineweaver--Burk plot of α-amylase-catalysed *in vitro* breakdown of starch in the presence and absence of peptide inhibitors. The non-competitive mechanism of inhibition that occurred is comparable to earlier documented observation for pine bark extract ([@bib58]). This points to the possibility of peptides from *Luffa cylindrica* seed protein hydrolysates to form enzyme-inhibitor or enzyme-substrate-inhibitor inactive complex ([@bib20]).Table 4Kinetic parameters of α-amylase-catalyzed degradation of starch in the absence and presence of *Luffa cylindrica* seed protein hydrolysates.Table 4Catalytic ParameterNo ​InhibitorPepH (mg/mL)TrypH (mg/mL)AlcH (mg/mL)0.501.001.500.501.001.500.501.001.50*K*~*m*~ (mg/mL)1.751.571.671.601.671.831.501.671.571.67*V*~*max*~2500142916672000125016671667166714291111*CE* (μmol/mL/min)142991099812507499111111998910665*Ki*4.213.571.46[^3]

In a non-competitive mode of inhibition, V~max~ of an enzyme are brought down in a concentration-dependent pattern. This was exhibited by the effects of LSPH on the V~max~ of α-amylase-catalyzed starch hydrolysis. In addition to this, the catalytic efficiency (*CE*) of α-amylase also expressed a concentration-dependent decrease in activity.

### 3.1.8. α-Glucosidase-inhibitory effect of LSPH {#sec3.1.8}

As an important enzyme in starch catalysis, α-glucosidase hydrolyses starch fragments synthesized by α-amylase into glucose. Therefore, blocking the action of α-glucosidase can effectively reduce the amount of α-D-glucose. The conversion of PnPG to p-nitrophenol catalyzed by α-glucosidase in the presence of *Luffa cylindrica* seed protein hydrolysate concentrations (0.50--2.00 mg/mL) was measured. From the aforegoing, Alcalase and trypsin hydrolysates showed significant inhibitory activities against α-glucosidase ([Fig. 3](#fig3){ref-type="fig"}), the highest percentage inhibition attained by Alcalase hydrolysate was 65.82 ± 1.96% while tryptic hydrolysate was 54.54 ± 0.52%. The inhibition was not concentration dependent as against the report of [@bib8],[@bib9]. Alcalase hydrolysate displayed its highest inhibition at 1.00 mg/mL while tryptic hydrolysate exhibited its highest inhibition at 0.50 mg/mL concentration. Peptic hydrolysate with percentage inhibition of 51.96 ± 0.89%), showed reduced inhibitory effect against α-glucosidase while the percentage inhibition reduced as concentration of *Luffa cylindrica* seed hydrolysate was increased.Fig. 3α-glucosidase- inhibitory effect of *L. cylindrica* seed protein hydrolysates. Each bar depicts the mean of three replicates determinations ±SD. Bars at the same concentration but with different Latin letters (abcd) are significantly different at p \< 0.05. Bars of the same sample/enzyme at different concentrations with different Greek letters (αβγδ) show significant difference at p \< 0.05.Fig. 3

However, the IC~50~ values of *Luffa cylindrica* seed protein hydrolysate against α-glucosidase inhibitory activity shows that Alcalase hydrolysate had IC~50~ value of 0.80 ± 0.1 mg/mL and tryptic hydrolysate had IC~50~ value of 0.48 ± 0.02 mg/mL. When compared with the IC~50~ value of Acarbose of 2.15 mg/mL as reported by [@bib61], it can be said that Alcalase hydrolysate is a better inhibitor of α-glucosidase.

### 3.1.9. α-Glucosidase kinetics of inhibition by Luffa cylindrica seed protein hydrolysates {#sec3.1.9}

The effects of Alcalase, tryptic and peptic hydrolysates on α-glucosidase *in vitro* breakdown of starch to simple monosaccharide reducing units are depicted in [Table 5](#tbl5){ref-type="table"}. The mechanism of inhibition was ascertained by using the parameters from Lineweaver-Burk Plot of α-glucosidase inhibition by *Luffa cylindrica* seed protein hydrolysate. From a recent study, the K*m* value obtained from Acarbose in the absence of inhibitory hydrolysates was 1.24 mg/mL, which is comparable to 6.31 mg/mL obtained in this study for α-glucosidase activity ([@bib3]). The kinetic plots displayed the mode of inhibition of α-glucosidase by Alcalase, tryptic and peptic hydrolysate to be uncompetitive in the three scenarios. This points to the possibility of *Luffa cylindrica* seed hydrolysate peptides binding with α-glucosidase enzyme molecule to form inactive enzyme-substrate-inhibitor complex ([@bib20]). The inhibitory pattern obtained in this study is proportional to early report on *Labitatae* extracts ([@bib41a]). Both V~max~ and catalytic efficiency *CE* of α-glucosidase-catalyzed glucose hydrolysis expressed inhibitor concentration-dependent reduction in activity.Table 5Kinetic parameters of α-glucosidase-catalyzed degradation of starch in the absence and presence of *Luffa cylindrica* seed protein hydrolysates.Table 5Catalytic ParameterNo\
InhibitorAlcH (mg/mL)TrypH (mg/mL)PepH (mg/mL)0.501.001.500.501.001.500.501.001.50*K*~*m*~ (mg/mL)6.311.271.823.310.991.22.331.21.382.12*V*~*max*~(x10^−2^)0.330.050.070.150.050.070.120.610.070.12*CE* (μmol/mL/min x 10^−4^)5.203.903.804.505.005.805.205.005.005.70*Ki.*8.4149.8310.51[^4]

### 3.1.10. Antioxidant activity of Luffa cylindrica seed protein hydrolysate {#sec3.1.10}

DPPH˙-scavenging activity of the standard antioxidant compound (ascorbate) was significantly higher (p\<0.05) compared with the three hydrolysates at the concentrations investigated while that of the hydrolysates were concentration-dependent ([Fig. 4](#fig4){ref-type="fig"}). As the concentration of peptic hydrolysate increased, the radical scavenging activity decreased. This may be attributed to the fact that peptic hydrolysate do not have cysteine or tryptophan rich containing peptides which are considered as effective scavengers of DPPH˙ ([@bib38]). This is evident in the low concentration of both amino acids in the peptic hydrolysates ([Table 2](#tbl2){ref-type="table"}). The free radical scavenging activity of tryptic hydrolysate increased with increasing hydrolysate concentration because DPPH˙ scavenging activity increased with increasing concentration of antioxidant ([@bib41]). DPPH^.^ -scavenging activity, widely used to evaluate antioxidant activity shows the ability of antioxidant compound to release electrons or hydrogen ([@bib63]; [@bib14]). Compounds with antioxidative property often give out hydrogen atom to free radicals to terminate lipid peroxidation.Fig. 4DPPH radical-scavenging activity of *Luffa cylindrica* seed protein hydrolysates. Each dot depicts the mean of three replicate determinations ±SD. Dots belonging to different enzyme hydrolysates/samples at the same concentration but with different letters show significant difference at p \< 0.05.Fig. 4

Oxidative stress results when a non-radical oxidizing species like hydrogen peroxide is transformed to hydroxyl radicals *in vivo* in the presence of metal ions or when it is synthesized from other radical systems ([@bib52]). The mop up of hydroxyl radicals is an efficient defense strategy against various diseases caused or propagated by the reactive oxygen species.

The H~2~O~2~-scavenging activity of *Luffa cylindrica* seed protein hydrolysates shown in [Fig. 5](#fig5){ref-type="fig"} displayed an increasing trend. The Alcalase hydrolysate displayed the strongest H~2~O~2~-scavenging activity with 41.69% whereas peptic hydrolysate had the least (18.86%). The result obtained may be due to the presence of certain amino acid residues that are present in Alcalase hydrolysate which could have scavenging effect against H~2~O~2,~ otherwise not exhibited against other oxidants. Despite the low superoxide-scavenging activity of Alcalase hydrolysate, it however presented a significantly higher H~2~O~2~-scavenging power than peptic and tryptic hydrolysate. Alcalase is widely known to have low endopeptidase specificity, thus it can hydrolyze protein at non-specific sites. Some reports however gave an account on some amino acid residues (e.g Trp, Tyr, Phe and Leu) which usually serve as the sites of Alcalase degradation ([@bib42]) and some of these amino acids were found in substantial amounts in the Alcalase hydrolysate ([Table 2](#tbl2){ref-type="table"}). The percentage H~2~O~2~-scavenging power of ascorbic acid obtained in the study (49.29 ± 0.50% at 1 mg/mL) correlates with 49.12 ± 0.50% at 0.80 mg/mL obtained previously by [@bib8],[@bib9], this is expected, as ascorbic acid is a standard antioxidant.Fig. 5H~2~O~2~-scavenging capacity of *Luffa cylindrica* seed protein hydrolysates. Each dot depicts the mean of three replicate determinations ±SD. Dots belonging to different enzyme/sample at the same concentration but with different letters show significant difference at p \< 0.05.Fig. 5

Reducing power, considered as a yardstick measure of total antioxidant activity, portrays the electron donating capacity of an antioxidant. Amino acid with dense aromatic rings e.g. phenylalanine, tyrosine and tryptophan can give out protons to electrons deficient radicals. The compounds with reducing power have the capacity to reduce the oxidized intermediates of peroxidation ([@bib5]), and thus act as an antioxidant. Potassium ferricyanide, as documented, is commonly used to estimate the reducing power of hydrolysates for which higher absorbance indicates superior ferrous ion formation as a result of the reduction of Fe^3+^ to Fe^2+^, indicating a superior reducing ability ([@bib54]).

The ferric reducing power of *Luffa cylindrica* seed hydrolysate was compared with a standard antioxidant (ascorbate) as shown in [Fig. 6](#fig6){ref-type="fig"}. The significant drop (p\<0.05) in the ferric reducing power of *Luffa cylindrica* seed hydrolysate at all concentrations in comparison to ascorbic acid indicates the non-comparison of ascorbic acid reducing power to LSPH. The results showed that at the highest concentration (10 mg/mL), Alcalase hydrolysate possesses the highest Fe^3+^- reducing power (0.63 ± 0.01) followed by tryptic hydrolysate (0.62 ± 0.01) and peptic hydrolysate (0.51 ± 0.01). The higher ferric reducing power of Alcalase hydrolysate may be due to the exposure of more amino acids R-groups during hydrolysis ([@bib40]). Peptides from alfalfa leaf protein hydrolyzed with Alcalase showed a higher ferric reducing power (1.43μg Fe^2+^/mg) than the one obtained from this study ([@bib66]). Similarly, the ferric reducing ability of peptic hydrolysate of *C. lanatus* seed (0.63 μg Fe^2+^/mg at 0.80 mg/mL) obtained previously ([@bib8],[@bib9]) was higher than 0.39 μg Fe^2+^/mg at 1 mg/mL obtained in this study. The increase or decrease in ferric reducing power for protein hydrolysates may not be unconnected to the exposure of electron-dense amino acid side chain groups such as polar or charged moieties during hydrolysis ([@bib37]).Fig. 6Ferric-reducing antioxidant power of ascorbic acid and Luffa cylindrica seed protein hydrolysate. Each bar depicts the mean of three replicate determinations ±SD. Bars at the same concentration but with different Latin letters (abcd) show significant difference at p \< 0.05. Bars of the same sample/enzyme at different concentrations with different Greek letters (αβγδ) show significant difference at p \< 0.05.Fig. 6

The commonest *in vivo* free radicals biosynthesized via autoxidation or enzymatic activity are the superoxide anion radicals that play critical role as an antioxidant ([@bib35]). It has been reported to be a potential precursor of highly reactive species although they cannot directly trigger lipid oxidation like hydroxyl radical ([@bib36]).

There was a significant difference (p\<0.05) in the percentage superoxide ion scavenging activity of the ascorbate and the hydrolysates as most of them had lower superoxide ion scavenging activity compared with the standard antioxidant ([Fig. 7](#fig7){ref-type="fig"}). The higher (p \< 0.05) ˙O~2~ˉ-scavenging capacity of peptic hydrolysate with respect to other hydrolysates implies that peptic hydrolysate contained peptides that are able to inhibit the autoxidation of pyrogallol and subsequently prevented the production of ˙O~2~ˉ. Acidic residue generated from the peptic cleavage of peptides has also been attributed to the probable scavenging power of peptic hydrolysate. These buttress specific binding of acidic and hydrophobic amino acids residues to pepsin; an endopeptidase ([@bib28]; [@bib43]). Both acidic and hydrophobic amino acids has been reported to enhance free radical scavenging properties of peptides by donating H atom to O~2~ˉ to form a stable water molecule and the enhancement properties of the hydrophobic residues at terminal ends of peptides ([@bib57]). Each of the hydrolysates demonstrated radical-scavenging capacity in a concentration-dependent fashion.Fig. 7Superoxide anion radical-scavenging capacity of *Luffa cylindrica* seed protein hydrolysates. Each dot depicts the mean of three replicate determinations ±SD. Dots belonging to different enzyme/sample and at the same concentration but with different letters show significant difference at p \< 0.05.Fig. 7

The EC~50~ value determines the concentration of hydrolysates required to inhibit 50% of the oxidant, thus widely used to measure antioxidant, antiradical and reduction efficiencies ([@bib54]). Low EC~50~ value is desirable as lower values indicate higher effectiveness. For the DPPH radical and superoxide scavenging activities, Alcalase hydrolysate has the lowest EC~50~ (0.63 ± 0.06 and 1.60 ± 0.10 mg/mL respectively). Tryptic hydrolysate gave the lowest EC~50~ for hydrogen peroxide scavenging activity (1.00 ± 0.10 mg/ml). All these EC~50~ values were higher than those obtained for the standard antioxidant ([Table 6](#tbl6){ref-type="table"}).Table 6EC~50~ values of H~2~O~2~ and DPPH/superoxide radical scanvenging activities of different hydrolysates of *L. cylindrical* seed protein.Table 6HydrolysatesH~2~O~2~(EC~50~, mg/mL)DPPH(EC~50~, mg/mL)Superoxide (EC~50~, mg/mL)Alcalase1.12 ± 0.10^a^0.63 ± 0.06^a^1.60 ± 0.10^a^Tryptic1.00 ± 0.10^a^0.65 ± 0.06^a^8.20 ± 0.61^b^Peptic2.10 ± 0.11^b^0.70 ± 0.06^b^8.10 ± 0.60^b^Ascorbic acid0.65 ± 0.04^c^0.51 ± 0.04^c^0.90 ± 0.05^c^[^5]

4. Conclusion {#sec4}
=============

This *in-vitro* study has shown that *L. cylindrical* seed protein hydrolysates have antioxidant and ACE-inhibitory potentials. Pepsin hydrolysate displayed the highest ACE inhibitory activity but trypsin hydrolysate with the least IC~50~ may be more effective in inhibiting ACE. All the hydrolysates possess α-amylase and α-glucosidase inhibitory activities. Alcalase hydrolysates demonstrated the strongest α-amylase and α-glucosidase inhibitory properties. The hydrolysates contain 18 amino acids each, of which 9 are essential amino acids. Therefore, *L. cylindrical* seed protein hydrolysate has bioactivities that could be used in the development of affordable, effective and safer nutraceuticals.
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[^1]: Values depict the mean of three replicate determinations ±standard deviation (SD). Values showing different letters are significantly different at p \< 0.05.

[^2]: *Km* -- Michaelis-Menten constant in the presence and absence of hydrolysate; *V*~*max*~ --Maximum reaction rate in the presence and absence of hydrolysate; *CE* -- Catalytic efficiency; *K*~*i*~ -- Enzyme-inhibitor dissociation constant; PepH, TrpH and AlcH -- Peptic, tryptic and Alcalase hydrolysates respectively.

[^3]: *Km* -- Michaelis constant in the presence and absence of hydrolysate; *V*~*max*~ -- Maximum reaction rate in the presence and absence of hydrolysate; *CE* -- Catalytic efficiency; *K*~*i*~ -- Enzyme-inhibitor dissociation constant; PepH, TrypH and AlcH -- Peptic, tryptic and Alcalase hydrolysates respectively.

[^4]: *Km* -- Michaelis constant in the presence and absence of hydrolysate; *V*~*max*~ -- Maximum reaction rate in the presence and absence of hydrolysate; *CE* -- Catalytic efficiency; *K*~*i*~ -- Enzyme-inhibitor dissociation constant; PepH, TrypH and AlcH -- Peptic, tryptic and Alcalase hydrolysates respectively.

[^5]: Values depict the mean of three replicate determinations ±standard deviation (SD). Values in each column showing different letters are significantly different at p \< 0.05.
